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Abstract  
Tarpaulin is a multipurpose textile product made from different coating formulation grade of 
polymer that has high durability material to withstand hot, windy and raining weather. This 
causes a problem in which it is difficult to dispose naturally due to its non-degradable 
characteristic. An experimental investigation was conducted on determining the workability 
of the concrete mixture with addition of non-degradable crushed polyvinyl tarpaulin using 
slump test and also the effect on the compressive strength of the concrete mixture by using 
hydraulic compressive machine. The crushed polyvinyl tarpaulin was proportioned ranging 
5% to 30% with respect to cement’s percent by weight in kg. This specimen was molded in 
a cubic 100mm x 100mm x 100mm with constant volume of cement, sand and gravel at 
1:1.5:4 mix proportion of concrete mix design 30MPa in 28 days using DOE method. The 
result was compared against control sample shows workability of fresh concrete reduced by 
increment amount of crushed polyvinyl tarpaulin in the concrete mixture. For the 
compressive strength, performance of concrete with minimum percentage of crushed 
polyvinyl tarpaulin in concrete mixture were higher than designed concrete mixture but lower 
than the control sample. 
Keywords— polyvinyl tarpaulin, concrete mixture  
1. INTRODUCTION  
Concrete was produced in the year of 1850 and has created a new era in 
construction technology. Nowadays, concrete fulfills variety needs in this sector. It 
is widely used in the construction of building, bridges, dam, pavement, foundation, 
road, wall and footing for gates, fences and others. Concrete is composed of 
cement, coarse aggregate, fine aggregate, water and chemical admixtures [1]. It is 
a composite material which is made up of filler and a binder. Cement and water 
Sustainable Construction and Building Technology | 2018 
ISBN 978-967-2216-39-1 
72 
 
form a paste that hardens owing to chemical reaction known as hydration. The 
paste acts as glue which binds the aggregates composed of sand and gravel or 
crushed stone, into solid stone-like mass. The quality of concrete is influenced by 
the quality of the material used, mixing ratio, grade of aggregate, amount of water, 
method of pouring and way of curing after hardening.  
The depleting of natural resources such as sand, gravel, cement and clean water 
together with the increasing problems of waste management support the recycling 
of the accumulating waste materials [2]. The waste from polymer-based product 
gave big threats towards environmental issue and problematic due to its material 
properties which are durable and waterproof, due to its non-degradable compound. 
It is proposed that, the polymer-based product such as banner and bunting has a 
potential to be turn into a beneficial construction material by incorporating it into 
concrete mixture. Furthermore, the use of polymer-based product in construction 
industry will also further the use of polymer-based product and contribute to valorize 
the waste polymer product within framework of the sustainable development. To 
increase the durability of concrete especially in permeability and strength 
properties, partial replacement material can be added in the concrete mixture and 
polymer is the one of the partial replacement material called polymer modification 
[3].  
Research and development of polymer modification for cement mortar and concrete 
have been conducted in various countries more than 70 years and as results, many 
polymer modification systems for cement mortar and concretes have been 
developed [4]. A polymer-based admixture called cement modifier is defined as an 
admixture which consists of a polymeric compound as a main ingredient, effectively 
at improving the properties such as strength, deformability, adhesion, waterproof 
and durability of cement mortar and concrete [4]. Properties of polymer-modified 
concrete depends specifically on the polymer content or mass based polymer-
cement (p/c) ratio, rather than the water-cement (w/c) ratio used when assessing 
ordinary cement concrete [5].  
Previous studies had shown the opportunity of recycling polymer-based product 
such as waste paint, used food polystyrene box and plastics bag yield a positive 
result in concrete technology. With the non-degradable, high durability and 
waterproof properties of waste polymer-based product in polyvinyl tarpaulin, we can 
turn this waste polymer-based product into a value added material by using it as an 
admixture in concrete. 
Therefore, this study intends to investigate the potential of tarpaulin in the form of 
used ‘banner or bunting’ as an admixture in concrete, in order to turn this material 
into a value-added product. This is worthwhile because the property of tarpaulin 
contains vinyl which high durability and long lasting material, so it is expected to 
benefits the properties of concrete. 
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2. LITERATURE REVIEW 
Bunting and banner are printed on high durability material such as tarpaulin, to 
withstand hot, windy and raining weather. Tarpaulin is multipurpose textile product 
made from different coating formulation grade of polymer like Poly Vinyl Chloride 
(PVC), Polyurethane (PU), Acrylic and Ethylene Vinyl Acetate (EVA)[6]. It is water-
resistant and UV resistant, which make it long lasting. This causes a problem in 
which it is difficult to dispose naturally due to its non-degradable characteristic. 
Since the bunting and banner contains polymeric properties, it is proposed that this 
material also can turn into a value added material by incorporating it into concrete 
mixture. As in engineering field, materials are employed to design and build 
structures, develop and produce new product [7]. This assumption is based on the 
theory of polymer modified concrete, which is discussed in this chapter.  
Properties of polymer-modified concrete depend significantly on the polymer 
content or polymer-cement ratio rather than water-cement ratio compared with 
ordinary cement mortar and concrete [4]. By referring to ASTM C-125-97a 
standards, material other than water, aggregates or hydraulic cement that used as 
an ingredient of concrete and mortar, and is added to the batch immediately before 
or during mixing is known as an admixture. 
2.1 Composite and Polymeric Materials   
In recent developments, the research are focused more on producing composite 
and polymeric material. Composite material is defined as two or more separate 
material that combined in macroscopic structural units. For example of composite 
material are straw brick, paper, reinforced concrete, wood and polymer reinforce 
with graphite carbon or glass fibers. The concrete itself consist of cement, water 
and non-cementing or inert material such as sand in combination with gravel, 
crushed stone or air-cooled iron blast furnace [7]. 
Whereas, the polymeric materials are those which belong to a group of carbon-
containing materials, natural or manmade, that has macromolecular structure made 
up of repeating molecular units. Examples of these are timber, rubber, polyethylene, 
polyester, polyvinyl chloride, wool, cotton, silk, starch and cellulose and most of 
polymers are plastic that can easily bents into different shape.  
However, these materials can still be improved by adding other materials to further 
modify its property which called admixtures which is other material than water, 
aggregates and cement. 
2.2 Polymer Concrete 
When Portland cement is replaced by a polymer, the resulting concrete has a lower 
rate of water absorption, higher resistance to cycles of freezing and thawing, better 
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resistance to chemical, greater strength and excellent adhesion qualities compared 
to most other cementitious materials. The most commonly used resins are mixed 
with aggregates as a monomer, with hardener and a catalyst to reach full 
polymerization. Polymer-impregenated concrete (PIC) is cured Portland cement 
concrete that is impregenated with a monomer using pressure or a vacuum process. 
The monomer is polymerized by a catalyst, heat or ultraviolet radiation. A 
continuous surface layer is formed that waterproofs and strengthens and fills the 
voids. 
2.3 Types and Characteristics of Tarpaulin 
Tarpaulin is multipurpose textile product made from different coating formulation 
grade of polymer like Poly Vinyl Chloride (PVC), Polyurethane (PU), Acrylic and 
Ethylene Vinyl Acetate (EVA). The general material of polyvinyl tarpaulin was use 
to protect machinery, pallets and building material from exposure to rain, sunlight 
and other environmental conditions.  
There are several types of commercial tarpaulin such as poly tarpaulins, canvas 
tarpaulins, vinyl tarpaulin and mesh tarpaulin, as shown in Table 1. 
Table 1: Type and Characteristic of Tarpaulin 
Type Characteristic 
Poly tarpaulins  Lightweight, moisture-resistant, relatively inexpensive. 
 Consist of cross-woven strands of polyethylene (PE), polypropylene, 
or another polyolefin plastic. 
 Product with more per square inch provide greater strength and 
durability. 
Canvas tarpaulins  Mode of closely-woven hemp, flax, or cotton cloth. 
 Heavier in weight, sturdier and better wind resistance. 
Vinyl tarpaulin  Made of vinyl-coated polyester and often with flame-retardant polyvinyl 
chloride (PVC). 
 Heavy-duty tarp than polyethylene, tend to be waterproof and highly 
abrasion resistant. 
Mesh tarpaulin  Made with polyethylene, vinyl, or canvas material threaded and woven 
to a screen-like pattern. 
 Allow partial passage of wind and light and suitable for enclosures, site 
barriers, awnings and construction site. 
2.4 Properties of Polymer-Modified Concrete 
It is characteristic of polymer-modified mortar and concrete which are produced by 
mixing polymer based admixture with cement concrete to possess co-matrix 
phases. The properties of the polymer-modified concrete is characterized by such 
co-matrix phases, and markedly improved over conventional cement concrete. The 
properties of the fresh and hardened mortar and concrete are affected by a 
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multiplicity of factors such as: polymer type, polymer-cement ratio, water-cement 
ratio, air content and curing conditions. In comparison with conventional cement 
concrete, the properties in the fresh and hardened stages of the polymer-modified 
concrete are described in the next section. 
2.4.1 Properties of Fresh Concrete - Workability 
Generally, polymer-modified concrete provide an improved workability over 
conventional cement mortar and concrete. This is mainly interpreted in terms of 
improved consistency due to the 'ball bearing' action of polymer particles, the 
entrained air and the dispersing effect of surfactants in the polymer latexes. The 
water-cement ratio of the latex-modified mortar and concrete at a given consistency 
(flow or slump) is markedly reduced with an increase in the polymer-cement ratio. 
This water reduction effect is found to contribute to a strength development and 
drying shrinkage reduction. 
2.4.2 Properties of Hardened Concrete - Strength 
In general, polymer-modified concrete show a noticeable increase in tensile or 
flexural strength but no improvement in compressive strength compared with 
ordinary cement mortar and concrete. This is interpreted in terms of the contribution 
of high tensile strength by the polymers themselves and an overall improvement in 
cement hydrate-aggregate bond. The strength properties of the polymer-modified 
mortar and concrete are influenced by various factors that tend to interact with each 
other. The main factors are the nature of materials used such as polymer latex, 
cements and aggregates, the controlling factor for mixed proportion (polymer-
cement ratio, water-cement ratio, binder-void ratio or air content), curing method 
and testing method. The main reasons for this is that the hydration of cement in 
polymer-modified concretes progresses through such a long dry curing period 
because of their excellent water retention capacity due to polymer film formation. 
Such a high strength development is found to be one of the advantages of the latex-
modified concretes over conventional cement concrete. 
3. MATERIALS AND METHODS 
This study was conducted to investigate the influence of non-degradable polyvinyl 
tarpaulin in concrete mixture. The laboratory testing flow chart is shown in Figure 1, 
while Table 2 shows the proportions of materials used for testing. The preparations 
of specimen was made from five different groups, as crushed polyvinyl tarpaulin, 
was proportioned to the cement’s percent by weight in kg, such as 5% to 95%, 10% 
to 90%, 15% to 85%, 20% to 80%, 25% to 75% and 30% to 70%, respectively. The 
polyvinyl tarpaulin was crushed and added to cements, sand and gravel in concrete 
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mix design of 30MPa using DOE method. Crushed polyvinyl tarpaulin was used 
based on the cement’s percent by weight in kg. 
The polyvinyl tarpaulin was crushed and added to cements, sand and gravel in 
concrete mix design of 30 MPa using DOE method. Crushed polyvinyl tarpaulin was 
used based on the cement’s percent by weight in kg. The slump test was conducted 
after the concrete is mixed. The concrete mix was poured in cubic mold, measuring 
100 mm x 100 mm x 100 mm and tamped by layer with the use of rod. The specimen 
formed was cured in water for 7 and 28 days, respectively. The specimen was 
subjected for testing on the hydraulic press after curing and its compressive 
strength was recorded. 
 
Figure 1: Laboratory Testing 
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Table 2: Proportions of concrete and crushed polyvinyl tarpaulin content 
SPECIMEN 
TYPE 
CEMENT 
CONTENT 
% 
CRUSHED 
POLYVINYL 
TARPAULIN  
% 
CEMENT 
CONTENT 
KG 
CRUSHED 
POLYVINYL 
TARPAULIN  
KG 
SAND  
KG 
GRAVEL  
KG 
0% polyvinyl 
crushed 
(control 
sample) 
100 0 3.06 0.00 4.64 12.47 
With  5% 
crushed 
polyvinyl 
tarpaulin  
95 5 2.91 0.15 4.64 12.47 
With 10%  
crushed 
polyvinyl 
tarpaulin  
90 10 2.75 0.31 4.64 12.47 
With 15% 
crushed 
polyvinyl 
tarpaulin  
85 15 2.60 0.46 4.64 12.47 
With 20% 
crushed 
polyvinyl 
tarpaulin  
80 20 2.45 0.61 4.64 12.47 
With 25% 
crushed 
polyvinyl 
tarpaulin  
75 25 2.30 0.77 4.64 12.47 
With 30%  
crushed 
polyvinyl 
tarpaulin  
70 30 2.14 0.92 4.64 12.47 
4. RESULTS AND DISCUSSION 
4.1 Workability Test  
The workability test (i.e. slump test) was done to measure the consistency of 
concrete of fresh concrete which indicate the degree of wetness and refers to the 
ease with concrete flows.   The workability test was conducted on six (6) concrete 
mixtures with the influence of crushed polyvinyl tarpaulin at different amount or 
portions added into the concrete mixture. The amount of crushed polyvinyl tarpaulin 
incorporated into concrete mixtures were determined according to the percentage 
of cement weight, which were 5%, 10%, 15%, 20%, 25% and 30%.  Table 3 shows 
the results of the workability test of these six (6) concrete mixtures, whereas Figure 
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2 depicts the relationship of workability of concrete against the percentage of 5%, 
10%, 20%, 25% and 30% added into concrete mix. 
Table 3: Workability of concrete mixture with addition of crushed polyvinyl tarpaulin 
Percentage 
of crushed 
polyvinyl 
tarpaulin 
Normal 
(0% 
tarpaulin) 
5% 10% 15% 20% 25% 30% 
Workability 
test result 
(mm) 
98 83 73 66 61 57 51 
 
 
Figure 2: Relationship between Workability of Concrete and Percentage of  
Crushed Polyvinyl Tarpaulin added in concrete mix 
From Figure 2, it could be seen that the value of workability test decreased with the 
larger amount of crushed polyvinyl tarpaulin incorporated into concrete mixture. 
This was due to the low water absorption properties of polyvinyl tarpaulin. It is to be 
noted that the standard slump for normal concrete grade 30 MPa is between 75mm 
to 100mm, therefore the normal concrete mixture achieved the standard. The ideal 
slump for every dry mix will be 0-25mm, low workability mixes. The concrete mixture 
having slump 50-90mm is medium value of workability while slump value more than 
100mm is a wet concrete mixture. A collapse of slump is indication of a wet mixture.  
Thus all of concrete mix yield medium value of slump and indicate the concrete mix 
are medium in workability.  
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4.2 Compressive Strength Test  
The results of the average compressive strength test of hardened crushed polyvinyl 
tarpaulin concrete mixture that had been through the process of wet curing at age 
of 7 days, 14 days and 28 days, are presented in Table 3. The results are 
summarized with regards to the percentage amount of crushed polyvinyl tarpaulin 
by cement weight i.e.  5%, 10%, 15%, 20%, 25% and 30%, respectively. 
Table 3: Average Compressive Strength Test Result for Concrete Mixes with Influence of 
Crushed Polyvinyl Tarpaulin 
Crushed Polyvinyl Tarpaulin 
Percentage 
Normal 
(0%) 
5% 10% 15% 20% 25% 30% 
Age of sample Average Compressive Strength Results (MPa) 
7 days 28.8 23.1 20.9 14.1 11.7 6.7 2.7 
14 days 35.1 30.7 25.9 15.2 13.9 7.8 3.6 
28 days 37.5 34.1 29.4 20.0 16.5 10.5 5 
 
The results of the compressive strength test of concrete mixes with influence of 
crushed polyvinyl tarpaulin showed that the mixture was not able to withstand high 
load. The low amount of crushed polyvinyl tarpaulin mixed in the concrete produced 
better strength than high amount of crushed polyvinyl tarpaulin. The performance 
of concrete with 5% of crushed polyvinyl tarpaulin achieved 34.1 MPa which were 
higher than designed concrete mixture which is 30 MPa but lower than the control 
sample. 
Figure 3 shows the relationship of compressive strength for concrete mixture with 
the influence of crushed polyvinyl tarpaulin according to percentage value of 
crushed polyvinyl tarpaulin added into concrete by cement weight and days of 
compressive strength testing. From the figure, it could be seen that the value of 
compressive strength of concrete mixes increase with time but decrease with the 
increment amount of crushed polyvinyl tarpaulin added into the concrete mixes. The 
highest value of compressive strength test was obtained by 5% incorporated 
crushed polyvinyl tarpaulin in concrete mixes with 23.1 MPa at age of 7 days, 30.7 
MPa at age of 14 days and 34.1 MPa at age of 28 days. However, the value of 
compressive strength decreased with the higher amount of crushed polyvinyl 
tarpaulin incorporated in mixes design. This is shown in Figure 4.3 where the 
highest amount of crushed polyvinyl tarpaulin added (i.e. 30%) resulted the least 
strength of concrete which were 2.7 MPa for 7 days, 3.6 MPa for 14 days and 5 
MPa at 28 days. 
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Figure 3: Relationship between compressive strength for 5%, 10%, 15%, 20%, 25% and 30% 
with the age of concretes 
At the age of 7 days (early age of the concrete mixes), it clearly shown that all of 
the mixes with incorporated crushed polyvinyl tarpaulin does not shown any 
advantage towards the control mixes. Moreover at the intermediate age which is 
age of 14 days, the compressive strength all sample increase gradually except for 
concrete mixes with incorporated 15% of crushed polyvinyl tarpaulin shows small 
fluctuated with other sample. It is believed that the sample was disturbed during wet 
curing in water tank. On the other, concrete mixes which incorporated 5% crushed 
polyvinyl tarpaulin had achieved the strength of more than 30 MPa, which is greater 
than the design of concrete mixture but less than the control sample compressive 
strength. Finally, at the mature age of concrete 28 days, samples that incorporated 
5% and 10% crushed polyvinyl tarpaulin exceeded the compressive strength of 
control samples.  This contradicts the previous research, for example research 
conducted by Ganiron in 2014 which show the influence of polymer fiber in 
increasing the compressive strength of concrete mixture (some of the studies even 
produced compressive strength greater that control sample) at the minimum value 
added in the concrete mixture from the early age of the concrete until matured age 
of the concrete. 
The performance of concrete with 5% of crushed polyvinyl tarpaulin shows an 
optimal value when it able to withstand 34.1 MPa which were higher than designed 
concrete mixture which is 30 MPa. The main reasons for this is that the hydration 
of cement in polymer-modified concretes progresses through such a long dry curing 
period because of their excellent water retention capacity due to polymer film 
formation.  
In conclusion, from the laboratory test conducted, the workability of fresh concrete 
reduced by increment amount of crushed polyvinyl tarpaulin in the concrete 
mixtures. Other than that, the results of the compressive strength test of concrete 
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mixes with influence of crushed polyvinyl tarpaulin showed that the mixture was not 
able to withstand high load. The low amount of crushed polyvinyl tarpaulin mixed in 
the concrete produced better strength than high amount of crushed polyvinyl 
tarpaulin. The performance of concrete with 5% of crushed polyvinyl tarpaulin 
achieved 34.1 MPa which were higher than designed concrete mixture which is 30 
MPa but lower than the control sample. 
5. CONCLUSION AND RECOMMENDATION 
Based on workability result, all of fresh concrete mix yield medium value of slump 
and indicate the concrete mix are medium in workability. This is proven by previous 
research which are the workability of concrete with incorporated polymer fiber will 
be more viscous and lowered the workability of the concrete. Meanwhile for 
compressive strength results, it could be seen that the value of compressive 
strength of concrete mixes increase with time but decrease with the increment 
amount of crushed polyvinyl tarpaulin added into the concrete mixes. The highest 
value of compressive strength test was obtained by 5% incorporated crushed 
polyvinyl tarpaulin in concrete mixes and the least strength incorporated by 30% of 
crushed polyvinyl tarpaulin. This contradicts the previous research, for example 
research conducted [7] which show the influence of polymer fiber in increasing the 
compressive strength of concrete mixture (some of the studies even produced 
compressive strength greater that control sample) at the minimum value added in 
the concrete mixture from the early age of the concrete until matured age of the 
concrete. In conclusion, the results of the compressive strength test of concrete 
mixes with influence of crushed polyvinyl tarpaulin showed that the mixture was not 
able to withstand high load.  
For future study, several recommendations were suggested to be considered, which 
are: 
i. Use only fine crushed polyvinyl tarpaulin as an admixture start with range 1% 
to 10% to cement weight with the minimum interval as possible. 
ii. Conduct further analysis on polyvinyl tarpaulin in paste test and x-ray 
fluorescence test to identify the characteristic of polyvinyl tarpaulin after 
crushed using crusher machine 
iii. Include other admixture in the concrete mix to increase the concrete 
properties such as chemical modification. 
iv. The curing period should be extended to 90 days to obtain precise 
comparison between control sample and specimen sample. 
v. Use variety size of polyvinyl tarpaulin in concrete mix to identify the flexural 
strength of the concrete.  
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